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I. INTRODUCTION ANI) SW&JARY 
- .Contained i n  t h i s  r e p o r t  i s  a summary of t h e  progress made 
dur ing  t h e  period of time from J u l y  through December, 1967 on 
work supported through t h e  Lewis Research Center of t h e  Nat ional  
Aeronautics and Space Administration. Ini t ia ted i n  June, 1966 
th i s  research  program includes two tasks: the f i r s t  is a study of 
the damage produced on t h e  sur face  of metal  s i n g l e  c r y s t a l s  during 
i o n  bombardment using x ray methods and the  second i s  a determina- 
t i o n  of c e r t a i n  thermodynamic proper t ies  of cesium gas using x - r a y  
. methods. 
' 11. SINGLE CRYSTAL DAbiAGE STUDIES 
Specia 1 Vacuum Sys tern 
After many delays s ince  the o r i g i n a l  s h i p p h g  date of 
, A p r i l  2 1  Varian Associates of Palo Alto f i n a l l y  de l ivered  t h e  - 
system on August 19. On September 11 t h e  Varian Service Engineer 
+ a r r i v e d  t o  i n s t a l l  system and do the  f i n a l  check-out a t  Hiram. 
. _ A  
During t h e  check-out it was determined t h a t  t h e  s p e c i a l  r o t a r y .  
feedthrough device d id  not meet t h e  spec i f i ca t ions  h r  e i t h e r  
angular  r e s e t t a b i l i t y  o r  f o r  a x i a l  alignment. I n  add i t ion  during 
. . - the  f i e l d  check-out of t h e  feedthrough, t h e  beryllium window on 
the vacuum chamber was accident ly  broken. Then a complete redesign. 
of the feedthrough plus replacement of t h e  window was necessary. 
I n  view of t he* repea ted  shipping delays,  some of which were due 
, -  
t o  t h e  redesign of t h e  feedthrough, I had w r i t t e n  Varian on June 
15 t o  ask  i n  more d e t a i l  w h a t  work Varian had accomplished under 
. .  
... - 1- .- 
t h e  Spec ia l  Design Contract.  This Design Contract was let  before  
Varian bid on t h e  system so t h a t  they could determine t h e  design 
parameters f o r  t h e  feedthrough device.  
t h i s  le t ter  has ye t  been received. 
N o  s a t i s f a c t o r y  answer t o  
Af te r  another  redesign of t h e  feedthrough and t h e  replacement 
of t h e  beryll ium window t h e  chamber was received a t  H i r a m  January 
17. 
here.  
before  shipment i n d i c a t e  t h a t  t h e  spec i f i ca t ions  have been met. 
tests are planned a t  H i r a m  u n t i l  w e  can use t h e  x-ray beam on t h e  
spectrometer.  However now a few modifications are necessary i n  t h e  
vacuum pumping f o r  t h e  system. 
wi th in  t h e  week. 
The Varian Service Engineer a r r ived  January 23 and i s  s t i l l  
Tests on t h e  ro t a ry  feedthrough device a t  Varian Associates 
No 
The check ou t  should be completed 
A preliminary test of t h e  ion  gun furnished by John Ferrante  
of  Lewis  Research Center indicated t h a t  i t s  opera t ion  w i l l  probably 
be s a t i s f a c t o r y .  
had no i s o l a t e d  target i n  t?he vacuum system but t h e  argon discharge 
was obtained. A vacuum leak  has s ince  been discovered i n  one of t h e  
electrical feedthroughs and w i l l  probably l i m i t  t h e  pressure t o  
approximately 2 x 10-l' Torr. 
The beam curren t  could not  be determined as we 
Double Crys t a l  X-ray spectrometer 
With t h e  he lp  of Professor E. L. Jossem, Chairman of t h e  
Physics Department a t  The Ohio S t a t e  University,  t h e  spectrometer 
has  been reassembled. The two sp indle  axes were made p a r a l l e l  
mechanically us ing  a s p i r i t  l eve l  t o  less than 10 sec. of arc, 
t h e  c r y s t a l  faces were made p a r a l l e l  t o  t h e  sp indle  axes t o  
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within a few seconds of a r c  
and each c r y s t a l  face was made t o  contain t h e  s p i n d l e  a x i s  t o  
within 0.001 inch  us ing  a microscope. 
adjustments f o r  the above motions a r e  provided i n  the c rys ta l  
holder  design. Using two quartz  c r y s t a l s ,  t h e  x-ray beam has 
been reflected through t h e  spectrometer. The f i n a l  alignment 
using t h e  x-ray beam w i l l  be done next .  
using a gauss eyepiece te lescope,  
The appropr ia te  c r y s t a l  
Two a d d i t i o n a l  items a r e  being added t 9  the  spectrometer:  
f i r s t ,  a s tepping  motor i s  being i n s t a l l e d  t o  speed up t h e  d a t a  
t ak ing  process and second, a new 50KV, SOMA power supply is  
be ing  constructed,  mostly from surp lus  pa r t s ,  t o  allow simultaneous 
running of both x-ray machines. 1 
A complete r epor t  on the  mechanical d e t a i l s  and f i n a l  configura-  
t i o n  of the  system (both vacuum and x r ay )  w i l l  be provided, 
hopefully i n  t h e  next repor t .  
Theore t ica l  studies 
A t h e o r e t i c a l  evaluation of t h e  ion-surface i n t e r a c t i o n  was 
begun as w e l l  a s  a study of t h e  i n t e r p r e t a t i o n  of t he  x-ray da ta  t o  
be obtained. 
axe presented. 
These studies w i l l  be reported when preliminary data 
111. CESIUM GAS - SCATTERING STUDIES 
One of the two main problems of l a s t  summer has been 
solved: t h a t  of reducing the  thickness of t h e  lucalox tube walls. 
Grinding techniques have been successfu l  i n  reducing t h e  wa l l  
th ickness  from 40 t o  1 5  m i l s .  The o t h e r  problem of t h e  molybdenum 
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target i s  s t i l l  under considerat ion.  
sh r ink  a c y l i n d r i c a l  p iece  of molybdenum 10 m i l  t h i c k  over: t h e  
present  4" O.D. copper anode b u t  soon a f t e r  i n s t a l l a t i o n ,  t h e  
molybdenum piece f e l l  o f f  i n s ide  the  vacuum chamber. 
t h i s  technique i s  probably due t o  t h e  hea t ing  of t h e  molybdenum 
piece  by t h e  e l ec t ron  bombardment from the x-ray f i lament  and t h e  
water cool ing of t h e  copper anode r e s u l t i n g  i n  an "unheat-shrinkingrl 
process.  
p l a t i n g  of molybdenum on the copper anode by s p u t t e r i n g  o r  evapora- 
t i o n .  
Work w i l l  continue on t h i s  problem. 
An attempt was made t o  hea t  
The f a i l u r e  of 
This technique was a t r i a l  p o s s i b i l i t y  before  a t tempting 
An evaporation attempt has been made unsuccessfully a t  Hiram. 
A high temperature oven has been constructed t o  hold the  
lucalox tube and a l s o  t o  f i t  inside t h e  10 cm s c a t t e r i n g  chamber. 2 
3 A Foxboro Cont ro l le r  i s  used t o  c o n t r o l  t h e  temperature. Operation 
i n  a i r  t o  8OO0C has been successful .  
determine t h e  uniformity of temperature i n s i d e  t h e  oven s i n c e  t h e  
entrance and e x i t  windows f o r  the x-rays may a f f e c t  the temperature 
d i s t r i b u t i o n .  
chamber under vacuum condi t ions.  
around the lucalox tube t o  help ensure uniform temperature a long 
t h e  tube.  
Tests are now underway t o  
These tes ts  a r e  being run i n  the 10 c m  s c a t t e r i n g  
A copper s leeve  w i l l  be used 
I V .  RESULTS, RECOMMENDATIONS, A X  PROBLEMS 
These las t  s i x  months have been slow due pr imar i ly  t o  
equipment shipping delays.  
the ion  damage s tudies  should be underway. Due t o  t h e  nine month 
shipping delay by Varian the p ro jec t  i s  now behind schedule so a t  
t h i s  point  it i s  d i f f i c u l t  t o  make an evaluation. 
Within t h e  next month, i f  a l l  goes w e l l ,  
-4- 
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